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(54) Organic thin film transistor with enhanced carrier mobility 



(57) An organic thin f ilm transistor including a gate 
(21, 31 , 41 , 51 . 61 , 71) on a layer of gate insulator mate- 
rial (22. 32. 42. 52, 62. 72), a source (25, 35. 45, 55, 65. 
75) and a drain (26. 36, 46. 56, 66, 76) positioned in 
spaced apart relationship on a f ilm (24, 34, 44, 54. 64. 
74) of organic semiconductor material with uniaxially 
aligned molecules, the film (24. 34. 44. 54. 64. 74) of 
organic semiconductor material being positioned so 
that the molecules are aligned between the source (25. 
35. 45. 55, 65, 75) artd drain (26, 36, 46. 56, 66, 76) in 
a direction from the source (25, 35, 45, 55, 65, 75) to the 
drain (26, 36, 46, 56, 66. 76), and an orientation film (23. 
32. 43, 52, 63, 73) positioned adjacent the film (24, 34, 
44. 54. 64. 74) of organic semiconductor, material so 
that molecular uniaxial alignment of the film (24, 34, 44, 
54, 64, 74) of organic semiconductor material is 
achieved by the orientation film (23, 32. 43. 52. 63, 73). 
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Description 

Field of the \n^n^i^ 

This invention relates to an organic thin film transis- 
tor (TFT) and more epecificaily to TRs with enhanced 
canrier mobility. 

Background nithii 

Organic TFTs are generally composed of in 
sequence a conductive gate electrode, a layer of gate 
insulator, a thin Oess than 1 miaon in thickness) layer of 
active (semiconductive) organic material and two later- 
ally-spaced conductive strips as source and drain elec- 
trodes. The transistor can operate either in the 
enhancement or in the depletion mode depending on 
the polarity of the voltage applied to the gate electroda 

The first examples off organic TFTs were based on 
two organic conjugated polymers, pdyacetylene ( for 
example, F. Eblsawa et al. J. Appl. Rhys. 54. 3255 
(1983)) and polythiophene (for exanple. A. Assadi eL 
al. Appl. Phys. Lett. 53, 195 (1988)). Organfe TFTs have 
also been fabricated with organic molecular semicon- 
ductors, such as metailophthalocyanines (tor exanple, 
Q. Guillaud et al. Chem. Phys. Lett 167, 503 (1990)) 
and a-sexithienyl ( for example, X. Peng et. al. Appl 
Phys. Lett 57. 2013 (1990)). 

in addition to low cost, abundance of raw materials, 
and the possibility of large-area applications by using 
the simple technk^ues of spin coating and vacuum evap- 
oration, organic TFTs have the advantage of low proc- 
ess temperature, typically less then 200 **C, as 
compared to conventional polycrystaOine or amorphous 
silicon based thin film transistors, which generally 
require a process temperature above 350 ^C. The low 
process temperature allows organic TFTs to be fabri- 
cated on plastic substrates, which are generally vulner- 
able to high temperatura Organic TFTs on plastic 
substrates are attractive for portable, thin, light-weight 
flexible active-matrix display applications such as plas- 
tic liquM crystaJ displays, plastic organic and inorganic 
electroluminescence displays. 

Up to now, the development of organic TFTs has 
been hindered by the poor semiconducting properties of 
the organic materials used, exemplified by their carrier 
mobility value ^ as low as 10"^ to 10 ® cafivh'\ One of 
the best organic TFTs is based on a-sexittiienyl 
reported by Gamier and co-worker with earner mobility 
of 4.6 xio-^ cvr?vW^ by manipulation of the gate insu- 
lator (Adv. Mater. 2. 592 (1990)). The result is conpara- 
ble to those of hydrogenated amorphous silicon in a 
conventional MISFET. but the device is far from practical 
due to the hygroscopic property of the gate insulator 
used. 

It is a purpose of tills invention to disclose a new 
organic TFT stucture that provides an organic TFT with 
enhanced canier mobility. 

It is another purpose of this invention to provide an 
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organic TFT on plastic substrate for flexible, light- 
weight, large-area, display applications. 

Summary rrfthftlnvftntitrn 

5 

The above described problems and otiiers are sub- 
stantially solved and the above purposes and others are 

reaBzed in an organic tWn fOm tiwsistor including a gate 
electrode, a layer of gate insulator material, a source 
10 electrode, a drain electrode and a layer of uniaxially 
aligned organic semiconductor material positioned 
between or underneatii ttie source and *ain electrodes 
in the direction from the source to ttie drain electrodes, 
wherein the alignment of ttie organic semiconductor is 
IS achieved by a layer of an alentation fflm positioned 
adjacent the organic semiconductor. 

In ttie above organic TFTs, ttie alignment of organic 
semiconductor material between ttie source and ttie 
drain elecfrodes by the means of the orientation flm 
20 enhances the can-ier mobility from ttie source to ttie . 
drain as compared to ttie un-aligned (random oriented) 
organic semiconductor. 

Brief Dfifirrip^^n^fyr^n^^j^^^ 

Refenring to ttie drawings, wherein device feature 
dimensions are often in submicrometer ranges, so ttiat 
ttie drawings are scaled for ease of visualization rattier 
than dimensional accuracy: 

30 

Fia 1 is a cross section view of a conventional 
organic TFT staicture; and 
FIGS. 2,3.4,5,6 and 7 are cross sectional views of 
six variations of an organic TFT structure in accord- 
35 ancewitti the present invention. 

Description of pr^w ^d Embn^jp or^fe 

The present invention Is directed to an organic ttiin 
^ film transistor witti an orientation film underneatii ttie 
organic semiconductor for ttie purpose of aligning ttie 
organic semiconductor material to enhance ttie carrier 
mobility between ttie source and the drain electrodes. 
As is illustrated in FIQ. 1 a typical tradtional organic 
45 TFT 10 includes a gate electrode 1 1 made of a stable 
metal, a metal alloy, or a transparent conductor such as 
indium-tin-oxide. a gate insulator 12 composed of a die- 
lectric medium such as SiO,, SiN„ AIO^ or organic pol- 
ymenc dielectric medium, an organic semiconductor 
so film 13 selected from either an organic polymeric semi- 
conductor material or an organic molecular semicon- 
ductor material, and two laterally spaced conductive 
strips 14 and 1 5 made of a stable metal, a metal alloy, or 
a transparent conductor such as indium-tin-oxide, as a 
55 source and a drain electrode. 

In ttie prior art, organic TFTs (e.g. TFT 10) gener- 
ally suffer from poor device pertbrmance as compared 
to conventional polycrystalline, amorphous silicon tran- 
sistors, mainly because of ttie very tow earner mobility 
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encountered in the organic semiconductor lilnr». One 
olsvious way to overcome the problem is to make use of 
organic semiconductors with higher canrier mobility. 
This approadi requires the tedious work of sieving 
through hundred^ of known organic semiconductors, 
including labor-intensive desigreng, and inventing new 
organic semiconductors with higher carrier nxDbBity. 

In the prior art (e.g. TFT 10), the organic semicon* 
ductw nwlecules are raridom^ oriented in the as- 
formed organic semiconductor film 13. The carrier 
mobility is isotropic in all dredions. However, many 
organic semiconductor materials are one-dimensional 
systems wHh anisotropic carrier mobility when the mol- 
ecules are property aligned or stacked. In a molecularly 
aBgned organic polymeric semiconductor film with lin- 
ear extended n-conjugated backbone such as in the 
case of potyacetylenes. polythiophenes, the carrier 
mobility along the conjugated bone direction is about 2 
to 3 orders of magnitude Kgher then the canrier mobility 
along the perpendicular to the conjugated bacidx)ne 
directton. In a stackedorganic molecular semiconductor 
with localized ic-conjugation system such as in the case 
of perylene. tetracene, copper phthalocyanine, the car- 
rier mobility along the molecule stacking direction with 
tc-electron overiap is also 2-3 orders of magnitude 
higher then the canier mobility along the perpendicular 
to the molecule stacking direction. 

The present invention makes use of the anisota'opy 
in carrier mobility in an organized organic semiconduc- 
tor by aligning molecules in the organic semiconductor 
material in the thin film of an organic TFT in such a 
direction that the carrier mobility from source to drain is 
several times to several orders of magnitude higher then 
the carrier mobility in all other directions. 

To illustrate the concept of the present invention, six 
variations of organic TFT structures are presented in 
the following as examples. 

Referring to FIG. 2. one embodiment of an organic 
TFT 20 in accordance with the present invention is illus- 
trated. Organic TR 20 includes a gate electrode 21 
positioned on one surface of a layer of gate insulator 
material 22, which is composed of a dielectric medium. 
An orientation film 23 is positioned on the opposite sur- 
face of gate insulator material 22. A molecularly aligned 
organic semiconductor film 24 is positioned on the 
opposite surface of orientatk)n film 23. and two laterally 
spaced apart conductive strips 25 and 26. as a source 
and a drain electrode, respectively, are positipned in lat- 
erally spaced apart relationship on the opposite surface 
of molecuUirly aligned organic semiconductor film 24. 

Referring now to FIQ. 3. another embodiment com- 
prising an orgarvc TFT 30 is illustrated. Organic TFT 30 
includes a gate electrode 31 positioned on one surface 
of a gate insulator 32 (a layer of delectric medium) that 
also serves as an orientation film. A film 34 of an 
aligned organic semiconductor material is positioned 
with one surface on. or in abutting engagement with, the 
opposite surface of gate insulator/orientation layer 32. 
Two laterally spaced apart conductive strips 35 and 36 



are positioned on the opposite surface of film 34. as a 
source and a drain electrode, respectively. 

Referring now to FIQ. 4, still another eni>odment 
comprising an organic TFT 40 is Qlustrated. Organic 
5 TFT 40 includes a gate electrode 41 positioned on one 
surface of a gate insulator 42 (a layer of dielectric 
medium). An orientatton film 43 is po^ned on (or in 
abutting engagement with) the opposite suriace of layer 
42. Two laterally spaced apart conductive strips 45 and 
10 46 are positioned on the opposKe surface of orientation 
film 43. as a source and a drain electnxle, respectively. 
A f ilm 44 of an organic senvconductor material is posi- 
tioned on orientation f Bm 43 so as to surround, or cover, 
conductive strips 45 and 46. Film 44 is moleculariy 
IS aligned between conductive strips 45 and 46. 

Refenring now to FIQ. 5. a further embodiment com- 
prising an organic TFT 50 is DIustrated. Organic TFT 50 
includes a gate electrode 51 positioned on a gate insu- 
lator 52 (a layer of dielectric medium) that also serves 
20 as an orientation film. Two conductive slrq>s 55 and 56 
are positioned in laterally spaced apart relationship on 
the opposite surface of gate insulator/orientation film 52 
as a source and a drain electrode. A film 54 of an 
organic semiconductor material is positioned over con- 
25 ductive strips 55 and 56 and gate insulator, orientation 
film 52 so as to be aligned between conductive strips 55 
and 56. 

Refening to FIQ 6. still a further embodiment com- 
prising an organic TFT 60 is illustrated. Organic TFT 60 
30 includes an orientation film 63 with two laterally spaced 
apart conductive strips 65 and 66 positioned on an 
upper surface thereof as a source and a drain electrode. 
A film 64 of an organk: semiconductor material is posi- 
tioned on the upper surfece of orientation film 63 so as 
35 to be aligned between conductive strips 65 and 66 and 
cover conductive strips 65 and 66. A gate insulator 62 is 
positioned on the upper surface of film 64 and a gate 
electrode 61 is positioned on the upper surface of layer 
62. 

40 FIQ. 7 illustrates still a furtiier embodiment includ- 
ing an organic TFT 70. Organic TFT 70 is constituted of 
a layer of an orientation film 73 with a fBm 74 of an 
organic semiconductor aligned on top of orientation film 
73. Two laterally spaced conductive strips 75 and 76 are 
45 positioned on ttie upper surface of fBm 74 as a source 
and a drain electrode. A layer of dielectric medium is 
deposited inbetween conductive strips 75 and 76 as a 
gate insulator 72. and a gate electrode 71 is positioned 
on ttie top of gate insulator 72. 
50 In each of ttie above embodiments^ ttie gate, 
source and drain electrodes are made of materials 
selected from stable metals, metal alloys, or transparent 
conductors such as indium tin oxida The gate insula- 
tors (22. 32. 42. 52. 62, 72) are constructed firom mate- 
55 rials selected from inorganic dielectric media such as 
SiOx, SiNx and AlOx. as weB as organic dielectric 
media such as pdyimides. poiyacrylates. poly(vinyt 
chloride), periluoropolymers and liquid crystal poly- 
mers. Also, the orientation films (23. 32. 43. 52. 63. 73) 
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are selected from a variety of organic materials includ- 
ing pdyimides. perfluoropolymers. liquid crystal poly- 
mers, eta The thickness of the orientation films is in a 
range from 20 A to 10 micron, and preferably less than 
1000 A in these specific embodiments. g 

Methods to achieve highly oriented thin films (i.e.. 
films with molecules generally oriented in a direction 
parallel to the plane of the film) are known in the art For 
example, in liquid crystal panel fabricatkxi. a highly ori- 
ented polyimide thin film is obtained by rubbing the sur- 10 
tece of the polymer coated substrate lightly in a single 
direction with a cotton cloth. Ueda and coworker (Y. 
Ueda. Jpn. J. Appl. Phys. 34. 3876 (1995)) have also 
disctosed a method to attain highly oriented poly- 
tetrafluoroelhylene thin films by rubbing mechanically, is 
Also, afilm of a liquid crystal polymer can be oriented by 
an electric or magneticfield pulling attenperature ctose 
to its glass transition temperature. The film maintabis its 
orientation after it has been cooled to room tenvetature 
"."^L^lf '^'""^ fnagnetic f ieU. AWyama et 20 

al. (US Patent 5.468.519. entitled "Method fbr Forming 
an Orientation Film Including (kxijnng an Organic 

c.'!!If ''"?l*^ * °**"P"^ a Magnetic or 

Electrical Reld". issued November 21. 1995) also dis- 
closed a method for fbmiing an orientation film including 25 
coupling an organic compound to a sitane coupling 
agent in a magnetic or electric fiekl. 

In the specific embodiments disclosed, the orienta- 
tion fHm acts as a foundation or seed fbr the organic 
semiconductor layer to grow or deposH uniaxially The 30 
onentatkNi directnn of the orientation film should be 
arranged so that the film of organic semiconductor 
material aligned on the orientatton film has the highest 
mobility in the source to drain electnxJe direction 

More specifically, as an example, if a film of an 35 
organic polymeric semiconductor material with Unear 
exterided »t-conjugated backbone is used in the transis- 
tor, the orientatnn direction of the orientation fim is 
preferentially controlled such that the film of organic pol- 
ymericseniiconductormaterialgrowsordepositsontop 4o 
of the orientation film with extended n-conjugated badk- 
bone aligned in the source to the drain electrode diree- 
tiori. In another example, if a film of an organic 
molecular semiconductor material with localized n-con- 

jugation systems is used, the orientation direction of the « 
onentation film is preferentially controlled such that the 
filni of orgartc molecular semiconductor material grows 
or deposits on top of the orientation film with the mole- 
cule stacking with n-electron overlapping aligned in the 
source to the drain electrode direction. » 

Thin fUms (19.. layers 24. 34. 44. 54. 64. 74) of 
organic polymeric semiconductor materials used in this 
embodiment include but are not limited to: conjugated 
hydrocarbon polymers such as polyacelylene. poly- 
diacetylene. pdyacene. polyphenylene. poly(phenylene ss 
vjnylene). and the derivatives including oligomers of 
ttiose conjugated hydrocarbon polymers: conjugated 
heterocycfic polymers such as polyanilinei polythi- 
ophene. pdypynole. polyfuran. polypyridine. 



poly(*ienylene vinylene) and alike, and the derivatives 
.including oligomers of those conjugated heteiocyelib 
polymers. Mso. thin films of organic molecular semicoiv 
ductor materials used in this embodiment include but 
are not limited ta condensed aromatic hydrocarbons 
such as letracene. chrysene. pentacene, pyrene penri- 
ene. coronene. and the derivatives of those condenwd 
aromafc l^drocarbons; metal complexes of poiphlne 
f?A ^ compounds such as zinc 

1 J^O. 5.20-tetrapheny|.21 H. 23 H-porpNne. copper 
phfta^ocyanine. lutetium bisphthalocyanine. abmZm 
phthalocyaninechtorida •"ummum 

A sitstrate (not shown) may be utfflzed which com- 
pnses any of a variety of materials including; inorganic 

p asbc matenals such as poly(vinylene chtoride)s. pdy- 
otefins may be used to support the embodied oi^ie 
TFT. However, the present invention is particulariy use- 
JJh "'^'^ substrates, where polycrystalline 

and amorphous silicon TFTs can not nonnally be fabri- 
cate* smce the temperature required to.process the 
embodied organic TFTs is generally less then 200 

Thus, a variety of organk: TFTs have been ds- 
dosedwithenhancedcamermobility The TFTs are rel- 
oSl^cS."^ inexpensive to fabricate. wHh onV 
one additional layer, in some embodiments and no addJ 
tonal lay^ in other embodiments. It is an intentton of 
this invention to provide an organic TFT with improved 
earner mobility on plastk: substrate for flexWe; light- 
weight large-area, display appf cabons 

While we have shown and described specific 
embodiments of the present invention, further modifica- 
tons and improvements will occur to those skilled in the 
art. We desire it to be understood, therefore, that this 
invention is not limited to the particular forms shown and 

irSStof. and scope of this 

Cblms 

1. An organk! thin fim transistor conprising: 

a gate electrode (21. 31. 41. 51. 61. 71) posi. 

toned on a layer of gate insulator material (22. 
32,42.52.62.72): 

a source electrode (25. 35. 45. 55. 65. 75) and 
a drain (26. 36. 46. 56. 66. 76) electrode posl- 
STT/.^^** ^ relationship on a flm 
(24. 34. 44. 54. 64, 74) of organic semiconduc- 
tor rnaterial with uniaxially aligned molecules 
the film (24, 34, 44, 54, 64, 74) of organfc sem- 
iconductor material being positioned so that 
ttie uniaxially aligned molecules are aligned 
between thesouice(25. 35. 45. 55. 65, 75) and 
dr^(26. 36. 46. 56. 66. 76) electrodes in a 
dHection from the soiree (25. 35, 45, 55, 65 
7^to the drain (26. 38. 46. 56. 66. 76) elec- 
trodes. the layer of gate insulator material (22 
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32. 42, 52. 62. 72) being operalively positioned 
adjacent to and in parallel with the film (24, 34, 
44, 54, 64, 74) of organic semiconducta mate- 
rial; and 

an orientation film (23. 32. 43, 52, 63, 73) posi- 
tioned adjacent the iim (24, 34. 44. 54, 64. 74) 
oi organic semiconductor material so that 
molecular uniaxial alignment ol the film (24. 34, 
44. 54. 64. 74) of organic semiconductor mate- 
rial is achieved by the orientation film (23, 32, 
43, 52. 63, 73) positioned adjacent the (24. 34, 
44, 54, 64, 74) film of organic semiconductor 
material. 

2. An organic thin film transistor as claimed in daim 1 is 
wherein the organic senriconductor material (24, 
34, 44. 54, 64. 74) includes organic pdymeric senv 
iconductor materials selected from conjugated 
hydrocarison polymers such as pdyacetylene. poly- 
diacetylene, polyacene, pdyphenylene, poly(phe- 20 
nylene vinytene), and the derivatives including 
oligomers of those conjugated hydrocarbon poly- 
mers; conjugated heterocyclic polymers such as 
potyaniline. polythiophene. polypyrrole, polyfuran. 
polypyridine. poty(thienylene vinylene) and alike. 2S 
and the derivatives including oligomers of those 
conjugated heterocyclic polymers. 

3. An organic thin Wm transistor as claimed in daim 1 
wherein the orientation film (23, 32, 43, 52, 63. 73) so 
is oriented such that the organic polymeric senrtf- 
conductor material (24, 34. 44. 54. 64, 74) used in 
the transistor is positioned adjacent the orientation 
film (23. 32, 43. 52. 63, 73) with ©(tended n-conju- 
gated backbone aligned in a source (25, 35, 45. 55. 3S 
65, 75) to drain (26. 36. 46. 56, 66. 76) electrode 
directton. 

4. An organic thin film transistor as daimed in daim 1 
wherein the organic senrvconductor material (24, 4o 
34. 44. 54, 64. 74) includes organic mdecular sem- 
iconductor nnaterial selected from condensed aro- 
matic hydrocarbons such as tetracene, chrysene. 
pentacene. pyrene, perylene, cpronene, and the 
derivatives of those condensed aromatic hydrocar- 4s 
bons; metal complexes of porphine and phthalocy- 
anine type of compounds such as zinc 1.20.15.20- 
tetraphenyl-21 H,23 H-porphine. copper phthalocy- 
anine, lutetium bisphthalocyanine. aluminum 
phthakx;yanine chlorde. so 

5. An organic thin film transistor as daimed in daim 1 
wherein the orientation fflm (23. 32. 43. 52. 63. 73) 
is oriented such that the organic molecuiar semi- 
conductor material (24. 34, 44. 54. 64. 74) is posi- ss 
tioned adjacent the orientation f ilm(23. 32. 43. 52, 
63, 73) with the molecule stacking with n-electron 
overlapping aligned in a source (25. 35. 45, 55. 65. 
75) to drain (26, 36. 46. 56. 66. 76) electrode direc- 



tion. 

6. An organic thin film transistor as dabned in daim 1 
wherein the orientatton iim (23. 32, 43, 52. 63, 73) 
5 is oriented such that the organic senrvconductor 
material (24. 34. 44. 54, 64. 74) aligned on the ori- 
entation film (23, 32, 43, 52, 63. 73) has the highest 
mobility in a source (25. 35. 45, 55. 65. 75) to drain 
(26, 36. 46. S61 66, 76) dectrode direction. 

to 

^ An organic thin film transistor as daimed in daim 1 
wherein the orientation film (23. 32. 43. 52. 63. 73) 
is composed of materials sdected from pdyimides, 
perf luoropolymers, liquM crystal polymera 

3. An organic thin film transistor as claimed in daim 1 
wherein the orientation f Qm (23. 32. 43. 52. 63. 73) 
is included in the layer of gate insulator material. 

9. A method of fabricating an organic thin f am transis- 
tor comprising the steps of 

forming a transistor body (20. 30. 40. 50, 60. 
70) including a film (23. 32, 43. 52. 63. 73) of 
orientation material having uniaxially aligned 
molecules therein and a film of organic senrti- 
conductor material (24. 34. 44, 54, 64, 74) on 
the orientation film (23, 32, 43, 52. 63. 73) so 
that molecules of the organic semiconductor 
material (24. 34, 44, 54. 64, 74) are generally 
aligned with the molecules of the orientatton 
film (23. 32. 43. 52. 63. 73); and 
positioning a source electrode (25. 35, 45. 55. 

65. 75) and a drain dectrode (26, 36, 46. 56. 

66. 76) in spaced apart relationship on the 
semiconductor body with the film of organic 
semiconductor material (24, 34, 44, 54. 64. 74) 
being positioned so that the uniaxially aligned 
molecules are aligned between the source (25. 
35. 45. 55. 65. 75) and drain (26, 36. 46. 56. 66. 
76) electrodes in a direction from the source 
(25. 35. 45. 55, 65. 75) to the drain (26. 36. 46r 
56. 66. 76) electrodes; and 
posKioning a gate electrode (21 . 31 . 41 . 51 . 61 , 
71) on the transistor body. 

1 0. A method of fabricating an organic thin f Om transis- 
tor as daimed in daim 9 wherein the molecules of 
the orientation film (23. 32, 43, 52. 63. 73) are ori- 
ented by one of the following methods: mechani- 
cally rubbing, dectric fidd pulling, magnetic fiekl 
pulling. 
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